Fruit and seed development in plants is a complex biological process mainly involved in input and biosynthesis of many storage compounds such as proteins and oils. Although the basic biochemical pathways for production of the storage metabolites in plants are well characterized, their regulatory mechanisms are not fully understood. In this study, we functionally identified rapeseed (Brassica napus) miR394 with its target gene Brassica napus LEAF CURLING RESPONSIVENESS (BnLCR) to dissect a role of miR394 during the fruit and seed development. Transgenic rapeseed plants over-expressing miR394 under the control of the cauliflower mosaic virus 35S promoter were generated. miR394 over-expression plants exhibited a delayed flowering time and enlarged size of plants, leaf blade, pods and seed body, but developed seeds with higher contents of protein and glucosinolates (GLS) and lower levels of oil accumulation as compared to wild-type. Over-expression of miR394 altered the fatty acid (FA) composition by increasing several FA species such as C16:0 and C18:0 and unsaturated species of C20:1 and C22:1 but lowering C18:3. This change was accompanied by induction of genes coding for transcription factors of FA synthesis including LEAFY COTYLEDON1 (BnLEC1), BnLEC2, and FUSCA3 (FUS3). Because the phytohormone auxin plays a crucial role in fruit development and seed patterning, the DR5-GUS reporter was used for monitoring the auxin response in Arabidopsis siliques and demonstrated that the DR5 gene was strongly expressed. These results suggest that BnmiR394 is involved in rapeseed fruit and seed development.
Introduction
Rapeseed (oilseed rape, Brassica napus) is one of the major crops with great economical importance for its seed oil for human nutrition and protein for animal foodstuffs. For Brassicaceae family species like Arabidopsis and Brassica napus, a fruit, morphologically defined as a silique (or pod), is a specialized organ developed from gynoecium after fertilization of ovules [1, 2] .
The fruit development is physiologically coupled with embryo development and seed maturation. An essential metabolic function of maturing seeds is the deposition of storage compounds such as lipid of triacylglycerols (TAGs) and proteins. Seeds of Brassica napus may accumulate storage lipids up to 50% or more based on their dry weight. As an excellent model system, the Brassica species seed development has become a major focus of plant research on the genetic control of seed filling with storage compounds [3] .
A variety of genes involved in fruit and seed development have been identified recently from Brassica species. For example, the MADS-box gene FRUITFULL (FUL) was found to regulate valve development [4] . The FUL1 loss of function during Arabidopsis fruit development resulted in the failure of valve cells to elongate and differentiate. With respect to oilseed rape, an interest is placed on the manipulation of lipid levels through the genes involved in FA biosynthesis and triacylglycerol (TAG) assembly [5] . Genes controlling TAG biosynthesis and other relevant components have been well characterized, but the regulatory mechanism of the pathways is poorly understood. Recently, a group of microRNAs (miRNAs) have been found to involve embryo and seed development in plants [6] [7] [8] . miRNAs are a class of short (~21 nt) endogenous non-coding small RNAs that base pair sequences complementary with specific target genes to repress their translation or induce their degradation [9] . With genome-wide profiling of small RNAs from rapeseed crops, a large number of miRNAs involved in plant growth, development and environmental stresses have been identified [10] [11] [12] [13] [14] [15] [16] [17] . However, only few of miRNAs were functionally characterized as of today. Recently, miR397 from rice (Oryza sativa) has been identified to target an Oryza sativa laccase-like protein (OsLAC) gene, which involves plant sensitivity to brassinosteroids, grain size and panicle branching [18] . Also, ectopic expression of apple miR156h in Arabidopsis resulted in an extended juvenile phase, increased numbers of leaves, short siliques and the partial abortion of seeds [19] . We recently identified Arabidopsis miR394 and its target gene LCR (LEAF CURLING RESPONSIVENESS) and showed that both miR394 and LCR can coordinately regulate leaf morphology [20] . Furthermore, miR394 has been found to involve stem cell identity in Arabidopsis [21] . In this report, we show that Brassica napus miR394 with its target gene BnLCR is involved in rapeseed fruit and seed development. miR394 over-expression resulted in morphological changes in fruits and seeds. The storage oil contents and composition as well as protein and GLS were altered in the transgenic rapeseed over-expressing miR394. We further provided evidence that elevated BnLCR transcripts could also lead to defective phenotypes in fruit and seed developments. These results indicate that a proper miR394 level is necessary for the normal development of fruit and formation of seed of Brassica napus.
Materials and Methods

Plant materials and cultivation
Seeds of rapeseed (Brassica napus L. Youyan No. 9) were surface-sterilized and uniformly germinating seeds were planted in pots (60 L) with soil (Yellow-brown soil, Eutric gleysols) at Experimental Station of Nanjing Agricultural University. The soil used was air-dried, gently crumbled and passed through a 2-mm sieve, with its basic properties summarized in Table A in S1 File. For Arabidopsis (ecotype, Col-0) plants, sterilized seeds were grown under hydroponic conditions and vernalized in darkness at 4°C for 2 days before the plate was transferred to a growth chamber under the conditions of 16/8 h (day/night), 200 μE m -2 s -1 photosynthetically active radiation. After that, seedlings (seven day-old) were transferred to soil and placed in the growth chamber under the same condition.
Plant transformation
pCAMBIA1304 was used as the plant expression vector with or without CaMV35S as a promoter and NOS terminator as transcriptional termination sequences [22] . The target genes were PCR-amplified using primers with restriction enzyme sites at the 5'-end of forward and reverse primers, respectively. PCR amplified component sequences were first cloned to a T/A vector (pMD19, Takara), sequenced and digested. The digested segments were cloned into pCAMBIA1304 and the cloning was confirmed by sequencing and restriction analysis. The validated clones were transformed into Agrobacterium tumefaciens strain LBA4404 following the standard freeze thaw method of transformation. We also constructed an antisense LCR mRNA vector to examine the effect of LCR knock-down on fruit or seed development. All vectors containing corresponding genes were transferred into Brassic napus (Youyan No. 9) and Arabidopsis via Agrobacterium-mediated transformation. In this study, all transgenic plants were used in the form of T3 generation.
GUS assay
Construction of miR394, LCR and DR5 reporter vectors and histochemical detection of GUS activity were performed based on the previous method [19, 23] . Briefly, the chemical regent 5-bromo-4-chloro-3-indolyl β-D-glucuronic acid (X-Gluc) was used as a substrate. Leaf tissue was placed in X-Gluc solution [750 mg/mL X-Gluc, 100 mM NaPO4, pH 7, 3 mM K 3 F 3 (CN) 6 , 10 mM EDTA, and 0.1% Nonidet P-40] under a vacuum for 10 min at room temperature, then incubated overnight at 37°C.
Quantitative RT-PCR analysis
Total RNA from plant tissues was isolated and 1.0 μg RNA was used as templates for cDNA synthesis. Quantitative RT-PCR (qRT-PCR) was conducted on CFX96 Real-Time PCR Detection System (Bio-Rad). Amplification reaction was performed in a 25 μL mixture containing 5 ng template, 12.5μL SYBR-Green PCR Mastermix (Toyoba, Japan) and 10 pmol primers. The temperature profile was 98°C for 30s, followed by 40 cycles at 98°C for 2s, 60°C for 5s and melt curve at 65°C 5s. Data were analyzed using CFX Data Analysis Manager Software. The relative expression level was normalized to that of the Actin, which was used as the internal control, with the 2 -4CT method representing the relative quantification of gene expression [22] . The primers used for qRT-PCR are presented in Table B in S1 File.
Analysis of oil, proteins and GLS contents
Total oil, protein, and GLS contents of Brassica napus seeds were analyzed using a Foss NIRSystems 5000 near-infrared reflectance spectroscopy (Foss NIRSystems Inc.). Approximate 3.5 g dried seeds were scanned in a 36 mm inner-diameter ring cup. The routine analytical process was run according to WinISI III manual instructions (Foss-tecator Infrasoft International LLC) [24] . The oil content was analyzed further by Soxhlet method using FOSS Fat Extraction System 2500 [25] . Briefly, rapeseed seeds were ground with FOSS sample grinding apparatus 1093. The seed powder was dried at 105°C for two hours and cooled to the room temperature in desiccator. The sample with 0.5 g accurately weighed and quantified for oil content. The sample was transferred into a Soxhlet tube and extracted with n-hexane as extract solvent. Extracting, solvent washing, solvent recovering and drying were performed respectively for 20, 40, 10 and 10 min based on the normalization procedure. The oil content (%) was calculated by the formula (added solvent weigh/sample weigh)×100%. For each sample, triplicates were performed and mean values of the triplicates were used to calculate the oil content. Analysis of fatty acid species was preformed using gas chromatography with the procedure documented.
Fatty acid composition analysis
The standard fatty acid methyl ester (99% purity) was purchased from Sangon Biotech [26] . The rapeseed seeds (0.5 g) were ground. Lipids were extracted with 5 mL solvent composed of diethyl ether / hexane petroleum ether (1:1, v/v), and fatty acid components of the total glycerolipids were converted into 3 mL methyl esters by transesterification with 0.5 mol L -1 NaOH for 30 min. One μL lipid extracted solvent was analyzed by gas chromatograph using Agilent 6890 N. The initial column temperature was 150°C hold 3 min, increasing at 5°C min -1 to 220°C, and then hold for 10 min. The peaks corresponding to each fatty acid species were recorded and identified by their characteristic retention times.
Statistical analysis
All experiments in the study were independently performed in triplicate. Each result shown in the figures was the mean of at least three replicated treatments and each treatment contained at least 30 plants. Unless indicated, the equal amount of mixed transgenic line seeds was used and samples for analysis were randomly selected from all transgenic lines. The significant differences between treatments were statistically evaluated by standard deviation and one-way analysis of variance (ANOVA). The data between differently treated groups were compared statistically by ANOVA, followed by the least significant difference (LSD) test if the ANOVA result was significant at P<0.05.
Results
Analysis of miR394 and its target gene in Brassica napus
In Arabidopsis, miR394 family has two members, miR394a and miR394b with a predicted target gene coding for an F-box protein [27] . The Brassica napus miR394 (BnmiR394) was isolated from one of our small RNA libraries prepared from the rapeseed seedlings [12] . By the sequence of mature miR394 against the publicly available databases (NCBI), an ortholog target of miR394 in Brassica napus was predicted. Using the rapid amplification of cDNA ends (RACE) approach, a full-length cDNA for the Brassica napus target of miR394 was isolated. Therefore, it was assigned as BnLCR. The miR394-guided cleavage of BnLCR has been confirmed by RACE (Figure A in S1 File) and further by our degradome analysis [16] . To show the expression pattern of Brassica napus miR394 and its target LCR during the fruit and seed development, we developed transgenic Arabidopsis with GUS reporter genes fused to miR394a/b and LCR promoters, and monitored the GUS staining in flowers and fruits. The high GUS activity of pMIR394a::GUS and pMIR394b::GUS lines was detected at the early stage of young buds (Fig 1) . But two days after flowering (DAF), the GUS activity attenuated but remained a low level throughout 2 to 20 DAF. In contrast, the GUS staining of pLCR::GUS plants was moderate at the early stage but became strong with the seed development. The highest GUS staining was detected at the late stages (16) (17) (18) (19) (20) , when the strong GUS staining was observed nearly full of the siliques.
miR394 over-expression regulated fruit and seed development of Brassica napus
To investigate the biological function of miR394 during the rapeseed fruit and seed development, transgenic rapeseed plants over-expressing miR394a/b were generated. DNA fragments corresponding to the precursors of BnMIR394a and BnMIR394b were fused to 35S promoter and transformed into Brassica napus. Five transgenic independent lines were successfully obtained. The relative abundance of precursor miR394a/b (pre-miR394a/b) was further analyzed using RT-PCR, showing a similar increase in the transgenic lines (Fig 2A) . In contrast, the expression of BnLCR in 35S::MIR394a/b lines was very lower and its expression level was only 20-40% of the WT.
We further generated a cleavage-resistant version (35S::Bnm6LCR) by introducing six silent mutations in the miR394 binding site but without changing the protein sequences ( Fig 2B) . As a control, a vector carrying the intact BnLCR mRNA sequence was constructed. Comparative analysis by RT-PCR showed that the level of BnLCR mRNA in the 35S::Bnm6LCR lines was 9.3-24.5 folds higher than that of WT, and its level in 35S::BnLCR plants was increased only by 2.0-2.6 folds compared to WT (Fig 2C) . miR394 over-expressing Brassica napus plants showed a larger cotyledon and true leaf area, while the blade area was smaller in 35S:Bnm6LCR plants compared to WT plants (Fig 3A and  3B) . Interestingly, the 35S::BnMIR394a and 35S::BnMIR394b plants showed a lagged flowering time, whereas 35S::BnLCR and 35S::Bnm6LCR plants flowered earlier relative to WT (Fig 3C;  Table 1 ). Moreover, miR394 over-expressing plants showed an enlarged size of plants, whereas BnLCR over-expressing plants had a shorten size compared to WT. We further made a comparative analysis of fruits between miR394 transgenic plants and WT, and found that although 35S::MIR394, 35S::Bnm6LCR and WT plants had bumpy appearance of pods, the 35S::MIR394 plants developed larger pods and the 35S::Bnm6LCR plants showed reduced pods relative to WT (Fig 3E; Table 1 ). Consistent with the observation, the seed weight and size were enlarged in 35S::MIR394 plants, while the opposite phenotypes were found in BnLCR over-expressing plants (Fig 3F and 3G) .
Recently, the developing siliques and seeds of Arabidopsis as a model system have been investigated [2, 4, 28] . The 35S::miR394 and 35S::m5LCR (a miR394 cleavage-resistance version) transgenic Arabidopsis was used to examine the phenotypes of fruits and seeds. The silique wall of 35S::m5LCR Arabidopsis was strongly wavy compared to wild-type, and the shape of individual seeds was apparent from the outside of the silique; but no apparent defects were detected in 35S::MIR394a plant siliques (Fig 4A-4F) . However, there was no difference of seed morphology between the transgenic plants and WT detected (Fig 4G-4I) . We further quantitatively compared the silique width, length and seed number between 35S::MIR394a or 35S:: m5LCR Brassica napus plants and wild type. Both 35S::MIR394a and 35S::m5LCR plants had a reduced silique width and length as well as the lower number of seeds compared to WT; however, only 35S::m5LCR plants showed a significant decrease in silique length (Table 1) .
miR394 over-expression altered oil content and FA accumulation in Brassica napus seeds
Because miR394 over-expression altered the fruit and seed morphology of Brassica napus, it wa assumed that the oil accumulation and FA composition might be changed. Compared to wildtype, the total oil content significantly decreased in the seeds of 35S::BnMIR394a/b plants, and the average oil contents in the 35S::BnMIM394a/b seeds were only 79.56% of the wild-type ( Table 2 ). The oil content was also reduced in 35S:m6BnLCR transgenic plants, although the decrease of oil content was moderate as compared to wild-type. The major fatty acid species in the miR394 transgenic plants were analyzed by gas chromatography-mass spectrometry (GC-MS). Most of fatty acid species in the transgenic lines showed variations of percentage (Table 3 ). In 35S::MIR394a/b plants, the average levels of C16:0 and C18:0 were increased approximately by 12.1 and 4.8%, respectively, as compared to the wild-type. C18:2 was increased by 13.6%, whereas C18:3 levels were reduced by about Protein is one of the important constituents in Brassica napus seeds. Examination of the total protein content revealed that miR394 over-expressing plants accumulated more proteins than the wild-type, but no significant difference was observed between LCR over-expressing plants and wild-type (Table 4) . GLS is a group of sulfur/nitrogen-containing secondary metabolites existing in many pungent plants such as mustard, rapeseed and horseradish. The natural chemicals derived from glucose and amino acids contribute to plant defense against pests and diseases [29] . Compared to wild-type, miR394 over-expressing plants usually had a relatively higher level of GLS, except for 35S::BnMIR394a-1 line (Table 4) . In contrast, a generally lower level of GLS was determined in 35S::m6BnLCR plants.
Regulation of seed lipid synthesis-responsive genes by over-expression of miR394
To get an insight into the lipid biosynthetic mechanism mediated by miR394, four major genes LEAFY COTYLEDON1 (LEC1), LEAFY COTYLEDON2 (LEC2), FUSCA3 (FUS3) involved in regulation of seed oil synthesis and ALTERED TRYPTOPHAN REGULATION1 (ATR1) for seed GLS synthesis were analyzed. LEC1 encodes an NFY-B-type or CCAAT-binding factortype transcription factor [30] . LEC2 [31] and FUS3 [32] encode proteins also belong to the plant-specific B3 transcription factor gene family. The three key genes have been identified as controllers of seed maturation in Arabidopsis [33] . Compared to wild type, expression of LEC1 in 35S::BnMIR394a/b plants was increased by 10.0 and 3.7 fold, respectively, but expression of LEC2 in 35S::BnMIR394b plants was weak (Fig 5A and 5B) . FUS3 expressed moderately in 35S::BnMIR394a/b plants and its transcripts were increased by 2.1 and 1.7 fold, respectively ( Fig 5C) . ATR1, a MYB transcription factor gene, controls GLS homeostasis by activating several enzymes responsible for biosynthesis of GLS. Expression of ATR1 in 35S::BnMIR394a/b plants showed a pattern similar to LEC1 and FUS3 (Fig 5D) . In general, the 35S::Bnm6LCR plants showed depressed expression of LEC2, FUS3 and ATR1 or no change in LEC1 transcription.
miR394-regulated fruit and seed development was possibly involved in auxin
Recent studies have shown that fruit and seed development is involved in local auxin abundance because it directs organ initiation and mediates tissue patterning [34] . To investigate whether miR394-regulated seed development was involved in auxin signal, transgenic plants with a pDR5::GUS reporter was constructed to visualize auxin responses in Arabidopsis fruits during the seed development. In wild-type developing fruits, the pDR5::GUS expression was always low and the GUS staining was nearly undetectable (Fig 6) . In contrast, the pDR5-GUS expression of 35S:miR394 plant was significantly higher than that of wild-type. The 35S::m5LCR fruits had moderate expression of GUS gene. The DR5-GUS expression mainly occurred along the valve. A statistic analysis was made on DR5-GUS staining intensity using the method of Adobe Photoshop CS software [35] , which showed a similar result in the corresponding fruits.
Discussion
Seeds of Brassicaceae family such as Brassica napus accumulate lipids mainly in the form of triacylglycerols as the major source of energy required for seed germination and post-germination growth. Although genetic screens and molecular identification have allowed for characterization of a number of genes related to seed development, oil production and biosynthesis of fatty acids in both Arabidopsis and Brassica napus [4, 5, 10, [36] [37] [38] , investigations on miRNAs involved in the fruit and seed development with regard to oil metabolism are lacking. Our results have shown that miR394 was expressed in flower buds, with a low abundance at the latter stage of seed development; in contrast, expression of LCR was relatively higher during the seed maturation. These results imply that both miR394 and LCR are possibly involved in the fruit and seed development. Over-expression of miR394 resulted in pleiotropic phenotypes in seed morphology. Compared to wild-type, 35S::miR394 rapeseed exhibited larger pods and seed bodies (Fig 3) . In addition, miR394 over-expression let to the change in the seed oil content and FA composition (Tables 1 and 2 ). The phenotypes regulated by several miRNAs have been recently reported [39, 40] . For example, miR160, targeting AUXIN RESPONSE FACTOR10 (ARF10), ARF16 and ARF17, plays important roles in seed germination and post-germination; transgenic plants expressing an miR160-resistant form of ARF10 displayed multiple developmental defects such as serrated leaves, curled stems, contorted flowers and twisted siliques [40] . The multi-target genes of miR160 should be responsible for the pleiotropic phenotypes. Seed oil is mainly synthesized during the seed maturation phase. Alteration of seed development may affect the oil production and FA composition. We analyzed oil accumulation in the transgenic plants and found that the oil content in miR394 over-expressing Brassica napus was reduced. This could be attributed to the enlarged seed body of 35S::miR394 plants that made the seed oil content "diluted". The reduced oil content in 35S::miR394 plants might be the result of the increased proportion of seed protein and GLS and other seed storage compounds. In higher plants, oil production and FA synthesis is a highly coordinated process involved in not only FA synthetic metabolism but also carbon and amino acid flux in the cells [41] . It is considered that the seed oil content is negatively correlated with the seed protein content [42] . In this study, over-expression of BnLCR also reduced the oil production compared to wild-type, although the protein content was not significantly lowed in the 35S::m6BnLCR plants. The complicated process for the repressed oil production in the transgenic plants remains to be elucidated.
The altered seed development in the 35S::miR394 rapeseed was biologically linked to the changed FA composition. Over-expression of miR394 led to the high proportion of C16:0 and C18:0, two end products of condensation reactions in the storage oil, and more significant abundance of unsaturated C22:1 species was found in the seeds. Conversely, the unsaturated C18:3 species was lower in miR394 over-expressing plants. Regulation of FA biosynthesis has been proposed to act at multiple levels, of which transcriptional control has been considered as a major molecular process [33] . To help understand the regulatory mechanism in miR394 over-expression plants, we analyzed the expression of three master regulatory genes coding for LEC1, LEC2, and FUS3 involved in FA synthesis and seed development, [31] [32] [33] . Both LEC1 and LEC2 encode B3 transcription factors, which positively regulate oil synthesis but are not to function in a liner pathway [32, 33, 37] . It was reported that over-expression of LEC1 in Arabidopsis promoted the FA accumulation through a global induction of many FA biosynthetic genes [33] . In this study, expression of LEC1 was up-regulated in the 35S::miR394 plants. However, the expression of LEC2 in the 35S::miR394 plants was low. In agreement with LEC1, expression of FUS3 was positively but moderately regulated in 35S::miR394a plants. Brassicaceae is one of the few plant families that are able to produce GLS which tends to accumulate in developing seeds [43] . GLS accumulation was elevated in the miR394 over-expressing plants. Consistent with the observation, the transcript level of ATR1 responsible for biosynthesis of GLS was induced in 35S::miR394 plants. These results suggest that miR394-regulated GLS accumulation was mediated by ATR1. GLS are a class of secondary metabolites and regarded as defense compounds [43] . The elevated level of GLS in 35S::miR394 plants suggests that the plants may have potentials to work against biotic and abiotic stresses through GLS. Identification of the correlation of miR394 and GLS will help to understand the role of miR394 played in plant responses to stress such as pathogen attack and its resistant mechanisms.
Seed development (e.g. size) in higher plants is regulated by a number of intracellular components. Several factors (such as Auxin response factor 2 and Apetala 2) that act as a regulator of seed size have been identified [44] . Li et al. (2008) identified an ubiquitin receptor DA1 (Large) that acts synergistically with the E3 ubiquitin ligase ENHANCER1 OF DA1 (EOD1)/ BIG BROTHER to regulate the final size of seeds in Arabidopsis thaliana [45] . Recently, a RING-type protein with E3 ubiquitin ligase activity encoded by DA2 has been characterized, and this protein regulates seed size by restricting cell proliferation in the maternal integuments of developing seeds [44] . These results indicate that E3 ubiquitin ligases play a role in seed development. With regard to the plant hormones, early genetic and molecular studies demonstrated that the SCF TIR1 ubiquitin ligase is able to positively regulate the auxin signaling in Arabidopsis [46] . The SCF TIR1 complex mediates auxin response by targeting members of the auxin/indoleacetic acid (Aux/IAA) family of transcriptional regulators for ubiquitin-mediated proteolysis in response to an auxin stimulus [47] . Because the phytohormone auxin is involved in many aspects of cellular and developmental responses in plants including fruit initiation and seed development [48] , manipulation of the SCF TIR1 ubiquitin ligase would change the ubiquitin-mediated regulation of auxin signaling during seed development. However, as there are very limited numbers of signaling components identified from the auxin pathway, the molecular mechanisms for the ubiquitin-mediated regulation of auxin signaling during seed development are largely unknown [44, 49] . The present studies provided evidence that the DR5-GUS was strongly expressed in the fruit of both 35S:miR394 and 35S:m5LCR transgenic plants. This result is very similar to our previous report that DR5-GUS was also abnormally accumulated in the leaf tips or hydathodes of Arabidopsis [20] . Furthermore, expression of several auxin responsive genes such as IAA3, IAMT1, PIN1, PIN3, PIN4, and PIN7 has been upregulated in 35S:miR394 plants [20] . These results suggest that auxin in these organs was most likely to be involved in the process. The auxin profile has been characterized during the development of pod wall, dehiscence zone and seeds of Brassica napus pods [50] . A decrease in auxin content prior to moisture loss in the pods of Brassica napus was specifically detected in the dehiscence zone, and a minimized auxin was required for seed dispersal in Arabidopsis [34] . Consistent to the reports, a very low level of DR5-GUS was detected in the siliques of wild-type Arabidopsis. The high level of DR5-GUS detected in the siliques of miR394 over-expressing plants suggests that auxin distribution in these tissues was impaired due to the over-expression of miR394.
In conclusion, the present study identified miR394 and its target gene LCR from Brassica napus, which plays a role in mediating seed development with regard to seed morphology and composition of storage compounds. The coordinate expression of miR394 and LCR is necessary for proper fruit development and seed formation. This observation allowed us to postulate that LCR as an F-box protein gene may be involved in the mechanism responsible for regulating the abundance of putative components via protein degradation by the ubiquitin-dependant proteosome. Further investigation on miR394 and LCR with interaction to components in the auxin-responsive pathway will help understand how miR394 and LCR regulates its downstream genes responsible for the altered seed development. 
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